The dispersion relation of ρ meson in hot/dense medium is analyzed based on the quantum hadrodynamics model with random phase approximation. 
heavy ion physics, which also contributes to the studying of compact stellar objects such as the neutron stars [5] .
The property of ρ in hot/dense environment was widely discussed in the literature due to its relative larger decay width compared with ω or φ [6, 7] . Among the results about the property of ρ, eps. about its effective mass in medium, the famous is the decreasing mass conjecture made by Brown and Rho [8] , which can be used to explain the low invariant mass dilepton enhancement in the central A − A collisions observed by CERES-NA45 [9, 10] .
However, the conclusion of study about the ρ meson property in hot/dense environment is not unique and even some controversy results have also been obtained [11] [12] [13] [14] [15] . The property of ρ in extreme conditions is not clear and deserves further study.
The collective effects of the environment on ρ is reflected by its full propagator, which determines its dispersion relation as well as the response to external source [16, 17] . Due to the broken Lorentz symmetry, the dispersion relations for the longitudinal and transverse modes are different, which are quite different from the vacuum occasion [16] . Here we attempt a study about the dispersion relation of ρ based on the quantum hadrodynamics model (QHD) [18, 17] . With a hadronic effective theory, the vector meson effective masses esp. the Debye (or screening) masses at T = 0 occasion have been discussed by Shiomi et al. in Refs. [11] . Here we extend their works to finite temperature. The real mass and the Debye masses as well as the dispersion relation of ρ and σ are analyzed by calculating the self-energy in medium with the Random Phase Approximation (RPA). The dispersion curve of ρ including the Debye masses as well as the real mass is given. We find that the behavior of the σ Debye mass vs baryon density is quite controversy to that of ρ, which reflects the characteristic of vector and scalar mesons in QHD.
We start from the original QHD-I (Walecka Model) to obtain the required effective nucleon mass and effective chemical potential for the discussing of ρ property. The QHD-I Lagrangian including the freedoms of nucleon ψ, ω meson V as well as the scalar meson φ
where the δL represents the renormalization counterterm within the Relativistic Hartree Approximation (RHA) [18] . 
where the baryon density ρ B and scalar density ρ s are determined by
with the Fermi-Dirac distribution functions
The above coupled equations can be solved numerically with the parameters in Tab. I [18, 19] 
The D µν (0) is the bare propagator. Different from the vacuum occasion in vacuum, there are two independent elements Π L(T ) for the tensor Π µν (k) determined by
where the P µν L and P µν T are the standard projection tensors [16] . The pole position of the full propagator D µν completely determines the dispersion relation of rho meson excitations in medium,
while its imaginary part gives the spectral function [7, 21] .
With the obtained M * N and µ * , the polarization tensor Π µν (k) is calculated according to the Feynman rules given by the following effective Lagrangian [11, 22] 
where V µ a is the ρ meson field and Ψ the nucleon field. In the imaginary time formalism, it is given by [16] 
where The first part Π µν F (k) corresponds to the particle-antiparticle contribution of the Dirac sea in the T = 0 occasion, while the second part Π µν D (k) to the particle-hole contribution [11, 17] . Due to the tensor-coupling part of the vertex Γ µ , Π µν F containing divergent integrals can not be renormalized by conventional method. After separating the divergent part of Π µν F with the dimension regularization method, we apply the following phenomological renormalization method to reflect the medium contribution by subtracting the finite vacuum contribution [11, [23] [24] [25] 
with
The calculation of the second part Π µν D (µ * , T ) for the polarization tensor is much more involved and the expression is very lengthy. We list the final results in the appendix. To obtain the final physical result, one must do the analytical continuation k 0 → k 0 + iε + to the results obtained in the imaginary time formalism [7, 16] .
For vector meson excitations in the medium, the dispersion relations of longitudinal and transverse mode are different. However, the real masses determined by taking the limit |k| → 0 for L and T modes are the same
The difference between L and T modes can be seen clearly by the corresponding different
Debye masses. The Debye mass is defined as the inverse Debye screening length. Just like the real mass, the Debye masses reflect the collective effects of the medium on the ρ meson property, which are obtained by taking the limit k 0 → 0 (Here, the wave numbers are purely imaginary numbers and related to the Debye masses M D 's through M D = −iK),
They describe the damping characteristic e −|k|x of the excitations [11, 16] . As shown in the left panel of Fig.1 the difference between the L ant T mode Debye masses for ρ is evident.
For comparison of their varying tendency with density ρ B , the effective nucleon mass curve is also drawn out. It is interesting to discuss the property of the scalar meson σ with QHD and compare the results with those for the vector mesons. At zero-temperature and hadronic model, the property of σ has been discussed in such as Refs. [26, 27] . However, the screening mass of σ has not been discussed for both zero-temperature and finite-temperature before. Here we extend to finite temperature occasion and discuss the behavior of its screening mass vs the baryon density. At finite temperature, the self-energy of σ meson is determined by the
Analogously to the calculation of the ρ meson polarization, one can obtain
where
The numerical results of the real and screening masses of σ meson in the medium are exchange view [22, 28, 29] , which affects the property of nuclear matter [30] . The influence of the modified ρ property in hot/dense environment on the dilepton spectrum deserves further study and work on this respect is in progress. The results of Π µν D corresponding to the Fermi-sea contribution of zero-temperature occasion are related obviously to the distribution functions n B (µ * , T ) andn B (µ * , T ). In this appendix, the ingredients are given out.
The 00 elements:
The 0i elements:
The ij elements:
2 p 2 dp ω (n B (µ * , T ) +n B (µ * , T )) 
